Background: To assess the scope, volume and quality of research on the acceptability, utilisation and effectiveness of telephone-and computer-delivered interventions for caregivers of people living with dementia. Methods: Medline, EMBASE, CINAHL and Cochrane databases were searched (Jan 1990 -Dec 2016. Eligible papers were classified as data-based descriptive, measurement or intervention studies. Intervention studies were first categorised according to mode of delivery (e.g. telephone, computer); then assessed against the Effective Practice and Organisation of Care (EPOC) methodological criteria for research design. Impact on health-related outcomes; and the acceptability, feasibility and utilisation of interventions were also assessed. Results: The number of publications increased by 13% each year (p < 0.001). Half were descriptive studies (n = 92, 50%) describing caregiver views on acceptability, access or utilization of technology. The remainder (n = 89, 48%) reported on interventions designed to improve caregiver outcomes. Only 34 met EPOC design criteria. Interventions were delivered via computer (n = 10), multiple modalities (n = 9) or telephone (n = 15). Interventions that incorporated various elements of psycho-education, peer support, skills training and health assessments led to improvements in caregiver wellbeing. While largely acceptable, utilisation of computer-based interventions was variable, with use often decreasing over time. Conclusion: Interventions delivered via telephone and computer have the potential to augment existing dementia care. High-quality trials are required to make clear recommendations about the types of interventions that are most effective. Those that provide caregivers with: access to practical strategies to manage care of the person with dementia and their own wellbeing, advice and support from peers and/or clinicians; and that target the dyad should be explored.
Background
Dementia can have complex health, practical and social consequences for the person living with dementia and their family. Most people with dementia (70%) live in the community [1] . People with dementia may report a range of physical, psychosocial and practical concerns. If left unmet, these concerns may adversely impact quality of life [2, 3] . Informal caregivers are often called on to help manage activities of daily living, behavioural and psychological symptoms; and organise care and provide emotional support [4] . Caregiving has been linked to health and psychosocial concerns [5] .
The need to improve care of people with dementia and to better support their caregivers across multiple domains has been emphasised [6] . These include the need for improvements in the quality of information available to this population; the implementation of care plans tailored to individual needs; and greater support for caregivers to ensure they are able to respond to the concerns of the person with dementia while managing their own health [6] . Limited awareness within the community about services available to provide support; insufficient provider time, skills or resources to deliver care [7, 8] ; and inconsistencies in monitoring and management of physical, psychosocial and practical concerns can result in fragmented dementia care [6] .
Health resources are stretched to capacity, and there are a range of geographical, practical and system barriers to optimal dementia care [9] . The subsequent demands placed on caregivers of people with dementia means face-to-face support services can be burdensome or impractical. Hence, the delivery of services via alternative means, such as by computer or telephone, may allow individualised support of a broad cross-section of consumers in a timely way. More than half of people aged over 65 [10] [11] [12] ; and up to 80% of caregivers of older adults are internet users [13] . These modes of delivery can facilitate the provision of credible information and resources that enable consumers to exercise control over their lives, and promote efficient communication between consumers and health care teams. Systematic reviews highlight the potential benefits of interventions delivered by professionals to caregivers of people with dementia [14] . Others describe benefits of interventions delivered via telephone or computer for other patient groups and their caregivers, including improvements to quality of life, perceived support, knowledge and satisfaction (e.g. [15] [16] [17] ). The need for further research is emphasised, particularly given the rapidly changing technology field. Determining the effectiveness of interventions for specific caregiver groups is important, as there may be variation in complexity and severity of needs experienced by caregivers and the people they support. While there has been some synthesis of the evidence for computer and telephone interventions designed for caregivers of people with dementia [18, 19] , none have examined the type, quality and impact of research.
To provide a comprehensive overview, several aspects of the available literature should be explored. The volume and type of research represents an indication of broad research effort. These indices can identify gaps that can be targeted by further research to guide practice and policy. Establishing the quality of the research [20] can reveal areas where increased capacity through further training or allocation of resources may be required. The aims of this review were to examine the extent to which computer and telephone delivered interventions for caregivers of people with dementia have been examined in the literature, including the: 1) volume and type of data-based publications; 2) methodological quality of intervention studies according to Effective Practice and Organisation of Care (EPOC) criteria; and 3) the effectiveness, acceptability and utilisation of interventions in studies that met minimum criteria for quality.
Methods

Definition of interventions
Included interventions were conceptualised as either: interventions incorporating components delivered via computer, tablet, website, e-mail, or mobile app; or interventions delivered via text messaging, telephone calls, or telehealth/videoconferencing modalities.
Search strategy
Medline, Embase, CINAHL and Cochrane Library of Critical Reviews electronic databases were searched from 1990 to Dec 2016 using subject headings and keywords (Additional file 1). The reference lists of existing systematic reviews and all eligible intervention studies were manually searched.
Inclusion/exclusion criteria
Studies were included if they: (i) examined interventions as defined above; (ii) included people providing unpaid/informal support to someone living with dementia (aged 18 years or over); (iii) examined one or more of the following outcome(s): health-related effects (e.g. impact of caring for someone living with dementia, quality of life, depression, satisfaction with care, self-efficacy), health care utilisation and/or costs (e.g. hospital admission, length of stay). Studies with a heterogeneous sample were included if they reported outcomes separately for caregivers. Studies were excluded if they: (i) were reviews, case studies, commentaries, conference abstracts, editorials or protocol papers; (ii) tested interventions that were not caregiveroriented (e.g. education of professionals).
Data coding
The abstract and title of retrieved articles were initially assessed against the eligibility criteria by one reviewer and rejected if the study did not meet inclusion criteria. The remaining full-text studies were assessed against the inclusion criteria by one author, and studies which met all criteria were retained. A random sample of 20% was coded independently by another author. Discrepancies between the two authors were resolved through discussion. Studies were categorised as either measurement, descriptive or intervention. Measurement studies reported on the development or psychometric properties of tools to assess utilisation and/or acceptability. Descriptive studies reported on perceived acceptability, access or utilisation of interventions. Intervention studies testing the effectiveness of interventions that had a primary aim of improving health outcomes, health care utilisation or costs for caregivers of people with dementia.
Assessment of methodological quality
Intervention studies were assessed to determine whether the experimental design was one of the four types allowed by the EPOC design criteria -randomized controlled trials, controlled trials, controlled before and after studies, or interrupted time series studies [21] .
Stepped wedge designs were also included as they are a viable alternative to a parallel cluster randomised trial and accepted as a robust design. For those studies meeting minimum design criteria, methodological quality was then assessed using EPOC risk of bias criteria independently by two reviewers (AW and SD).
Assessment of intervention effectiveness
Study data was extracted for those studies that met EPOC criteria by authors (AW, SD, EM) and included: sample characteristics, intervention details, outcome measures and time points when data were collected, intervention effects on primary and secondary outcomes, study limitations and conclusions. Study data on feasibility and acceptability, including: retention of participants; access to the internet; engagement strategies; and utilisation of technologies was also reported.
Analysis
Poisson regression was used to model trends over time in the numbers of publications. Percent change by year is presented and P-values were calculated from the Wald Chi-square.
Results
Search results
A flow diagram of the search strategy is provided in Fig. 1 . After duplicates were removed, 3828 publications were identified and assessed against the eligibility criteria. A total of 185 publications met eligibility criteria and were included.
Number and type of studies published between Jan 1990 and Dec 2016
Half of the eligible studies were descriptive studies (n = 92; 50%) (see Fig. 2 ). Four measurement studies were identified, which tested the validity and reliability of instruments to assess the utilization or acceptability of interventions. The remaining 89 studies (48%) reported on interventions to improve the health outcomes of caregivers. Poisson regression shows evidence of the number of publications increasing by 13% each year (p < 0.001).
Methodological quality of intervention studies
Of the 89 intervention studies identified, only 34 met initial EPOC design criteria (45%). These included a cluster randomised controlled trial, 30 RCTs, and four non-randomised controlled trials (see Table 1 ). The 34 studies were rated across each of the nine EPOC risk of bias criteria. Only two studies were low risk on all of the nine criteria; with ten studies rated as low risk on at least seven of the criteria. The most poorly met criteria included: not specifying method of generating allocation sequence or concealing allocation, and blinded outcomes assessment. Table 2 presents the study characteristics of intervention studies that met EPOC design criteria (n = 34). Sample sizes ranged from 11 [22] to 299 [23] participants. The majority of the studies were conducted in the United States of America (USA) (n = 20), Europe (n = 8), China (n = 3), Canada (n = 2) and the United Kingdom (UK) (n = 1). Ten interventions were delivered by computer only [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ; 15 via telephone [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] ; and nine tested combined multiple modalities, such as computer-telephone systems [47] [48] [49] [50] [51] [52] [53] [54] [55] . Almost all adopted psychotherapeutic approaches: behavioural activation [36, 37, 54] ; psycho-education alone or combined with cognitive behavioural therapy, skills training and/or peer support [23-32, 35, 38, 39, 50, 53, 55, 56] ; peer support groups [33, 40, 47, 48] ; CBT [41] [42] [43] [44] ; or family therapy [49] . One study incorporated physical activity and psychotherapy [45] . Length of follow-up ranged from 1 month to 18 months. Attrition was moderate to high across studies (mean = 23%, range 6% [27]-61% [41] ); with differential dropout reported between the intervention group (40%) compared to control (11%) [28] . Some studies did not report rate or reasons for loss to follow-up [22, 24, 26, 33, 34, 38, 48] .
Intervention study characteristics
Effectiveness, acceptability and utilization of technology interventions Computer-based interventions Ten interventions were delivered by computer only [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Benefits were reported in relation to caregiver depression and mental health outcomes in 3/8 studies [23, 26, 28, 31] ; and caregiver burden and/or stress (2/7 studies) (Additional file 2: Table of outcomes) [23, 26] . Other reported benefits included improved knowledge [22, 30] , quality of life [26] and unmet needs and more positive aspects of caring [23, 24, 29] . Web-based multimedia interventions providing written and audio-visual materials modelling positive caregiving strategies [23] ; a program combined with coach monitoring [28] ; and an online platform of educational material combined with peer and clinician contact [26] had modest success. The majority were judged as acceptable, easy to learn and userfriendly by caregivers. However, utilisation was variable. Two studies reported a dose-response relationship, with active users reporting greater benefits [23, 25] . Three studies incorporated online technical support to encourage engagement [22, 23, 27] , while others used automated reminders [23, 28] ; follow-up calls [27] ; health professional contact via chat functions or forums [25] ; and financial incentives [23, 29] .
Telephone interventions
Twelve studies reported on the impact of telephone counselling using psychoeducation [32, 35, 37, 39, 46] ; behavioural activation [36] or CBT [41] [42] [43] ; alone and when supplemented with videos [45, 57] and respite care [38] . Mixed effects were reported in relation to caregiver depression and mental health outcomes (benefits in 6/12 studies) [32, 36-38, 43, 44] ; and caregiver burden and/or stress (benefits in 4/11 studies) [32, 38, 45] . Some reported improvements in goal attainment [42] , physical symptoms/ADLs [45] and managing problems such as memory and behaviour [32, 46] . No benefits were found for social support, self-efficacy and health and self-care outcomes. Rate of session participation was high in many studies [32, 35, 38, 42, 43, 45, 46] , and participants reported the programs as helpful and convenient [32, 35, 38, 39, [41] [42] [43] [44] 46] . Four studies reported that the intervention group received longer interventions than their attention-only control groups [42] [43] [44] 46] .
Three studies examined the impact of telephone support groups. In one of these studies, support groups led to short-term cost savings for veteran care recipients living at home, but this was not maintained over 6 month period [34] . For the other two studies, no significant improvement in the impact of supporting a person with dementia, depression, social support or distress with relative's problems were identified [33, 40] . The lack of effect did not differ by attendance [33] . Acceptability and utilisation data were not reported in two studies [34, 40] .
Multi-modal interventions
Nine studies described multi-modal intervention programs. Four of these reported on aspects of the Resources to Enhance Alzheimer's Caregiver Health for TelephoneLinked Care (REACH) program. A computer-telephone psychoeducational program incorporated home and video-phone delivered family conferencing, online support groups and information resources. In one study, the program resulted in lower burden, and reduced depression for caregivers with elevated baseline depression [50] . However, another found no difference between integrated telephone and computer-network system intervention and control in relation to bother, depression or anxiety at 3 months [51] . In a third study, greater benefits were seen when the program was combined with family therapy [49] . Caregivers who received a psychosocial intervention modelled after REACH II, which included access to support groups via videophone technology, reported a decrease in burden, an increase in perceived social support and positive perceptions of the caregiving experience; but no benefit for depression [53] . Video-conferencing combined with online support led to greater improvements in mental health status compared to an internet chat group alone [48] . Providing the requisite technology or equipment [48, [50] [51] [52] [53] and training were seen as an important for promoting uptake and ongoing engagement [48, [50] [51] [52] [53] . However, some participants reported problems with using technology [48, 51, 52] . Behavioural coaching including videos, workbooks and telephone calls led to improvements in symptoms of depression, memory and behavioural problems, and caregiver self-efficacy [54] . No differences in outcomes were reported for a trial comparing internet versus telephone delivery of psycho-education, skills training and symptom assessments [55] .
Discussion
The growing number of publications in this field reflects the increasing demand for strategies that can complement existing services and better support those providing informal care to people living with dementia. A high proportion of the total data based published studies were intervention studies (48%). However, less than half of these identified interventions met initial EPOC design criteria. Most were uncontrolled before-and-after trials, which provide potentially promising feasibility data but require more rigorous testing. Only two studies were rated as methodologically sound on all the EPOC criteria. The evidence base may therefore be compromised by potential bias. Studies were also often characterised by poor response rates and attrition bias [30, 41, 45, 46] , and short intervention / follow-up periods [24, 32, 35-37, 39, 46] . Loss to follow up due to death or significant health changes is expected conducting research with older people and people with dementia. However, adequately powered samples that take into account significant attrition rates should be a key consideration for future research. Telephone counselling delivered over multiple sessions across many months was largely acceptable to caregivers. Mixed findings with regard to caregiver outcomes were reported. In the only telephone intervention study judged as low risk on all EPOC criteria, psychoeducation, skills training and health assessments improved depression and behavioural and memory problems [46] . Previous systematic reviews recognise the potential for telephone interventions in supporting people with dementia and their informal caregivers to maintain independence and wellbeing [19] . A lack of time and an inability to leave the person with dementia alone are major barriers to caregivers participating in face-to-face interventions. Telephone counselling may be a more feasible support option, but may still require more resources than are readily available. This may limit sustainability of such interventions.
In the only study of computer-based interventions to meet all EPOC criteria, psychoeducation with strategic access to clinicians via coaching support improved depression and anxiety [28] . Increasingly, innovations in mobile and tablet technology are being used to adapt care for caregivers of people with physical or cognitive impairment. Caregivers can access resources any time of the day, as often as they want. Multiple information formats can be adapted for health literacy or language. Content can also be readily updated or modified to incorporate other critical issues. However, success is reliant on the extent to which the intervention is actually being used. Differences between adopters and nonadopters were reported [25, 33, 52] ; suggesting the need for greater consumer input during development. Attitudes towards technology may influence whether caregivers begin to use programs; while perceived competence may influence whether caregivers continue to use it [58] .
Implications for policy and practice and directions for future research
Computer-and telephone-delivered interventions may assist in overcoming some of the deficits in current dementia care. Interventions that include psychoeducation via multiple formats, practical strategies and skills training to manage care, and peer and/or clinician contact hold promise. There are a number of potential advantages of these types of interventions. The reach of these interventions is significant and growing each year [59] . They can be delivered any time of the day, and from the comfort of the individual's home. This has particular advantages for caregivers of people with dementia with severe cognitive deficits and/or limited mobility, or those with poor access to specialised services or professionals [8, [60] [61] [62] . Features can be tailored for health literacy and cognitive deficits. For instance, information delivered via computer can be presented in written or audio-visual formats. Algorithms can tailor information according to user needs and preferences. Interventions can augment standard dementia care and improve efficiency of resource utilisation. Providers may supplement face-to-face consultations with interventions, or replace for those caregivers for whom face-to-face interventions are not feasible.
Despite these potential benefits, methodologically rigorous trials are needed to further identify the components of interventions effective in improving outcomes. Given evidence indicating dose effects, strategies to encourage uptake and continued utilisation of the intervention are crucial to ensure sufficiently exposure to achieve improvements. Proactive, personal and detailed invitations from clinicians and reminders have been shown to improve uptake of interventions and adherence [63] [64] [65] . It may also be useful to explore which of these strategies are most effective in maximising uptake and engagement. Interventions were rarely tested in other under-served populations, including ethnic minorities [55] . Few examined whether the intervention improved outcomes for the person living with dementia. It may be that providing education and skills training to carers may also result in beneficial effects for the person whom they support. Future research should further explore this possibility.
Limitations of review
Although the strategy was developed with the assistance of an academic medical librarian, indexing in this rapidly changing field may not have captured all relevant studies and we did not include non-published studies or grey literature. The authors only used the available reporting of research methods from the included publications to determine study quality ratings. Some quality criterion may have been met but received an 'unclear' rating when not adequately reported, potentially underestimating study quality. The review was limited to include only those studies that met EPOC criteria which restricted the study sample. While insights on the effectiveness of interventions may be obtained from studies using designs excluded by these criteria, these restrictions increase the likelihood of including studies with high quality evidence.
Conclusions
Interventions delivered via technology mediums, such as telephone and computer, have the potential to provide information and resources to improve outcomes of caregivers of people with dementia. However, more highquality intervention trials are required to make clear recommendations about which interventions are most effective in improving caregiver outcomes. Strategies are also needed to maximise utilisation of interventions. Interventions which provide practical strategies to upskill caregivers in managing the care of the person with dementia and their own wellbeing, access to peer and/or clinician support and advice and target the person with dementia and their caregiver as a dyad should be explored. 
